Background: Aboriginal people in Australia experience the highest prevalence of diabetes in the country, an excess of preventable complications and early death. There is increasing evidence demonstrating the importance of healthcare systems for improvement of chronic illness care. The aims of this study were to assess the status of systems for chronic illness care in Aboriginal community health centres, and to explore whether more developed systems were associated with better quality of diabetes care.
Background
Indigenous Australians experience the highest prevalence of diabetes in the country, an excess of preventable complications and early death [1] . Published studies have demonstrated that effective diabetes management in Indigenous primary care can improve the process and outcomes of care [2] [3] [4] . Reported approaches to improving quality of care include use of recall and reminder systems, audit and feedback of clinical performance, structured clinical care, and specialist involvement in primary care. This evidence on the effectiveness of approaches to care in the Indigenous Australian population is consistent with the approach reflected in the Chronic Care Model developed in the USA [5, 6] . The Chronic Care Model is comprised of six major components that have been shown to be important internationally to chronic illness care: 1) health care organisation, 2) community linkages, 3) selfmanagement support, 4) decision support, 5) delivery system design, and 6) clinical information systems. This model has been extensively implemented in community health centres and hospitals in the USA to assess system support for chronic care and to identify areas for further improvement [7] .
In the context of Australia's Northern Territory (NT) health service providers' collaborative efforts to improve prevention and management of chronic disease in primary health care [8] , the Audit and Best practice for Chronic Disease (ABCD) project was implemented on the expectation that community health centre staff and managers would benefit from an improved understanding of the status of health centre systems in order to appropriately plan for improvement. A central component of the ABCD project was therefore an assessment of health centre systems as outlined in the Chronic Care Model. This paper reports on the association of the systems assessment with the quality of diabetes care for ABCD participating centres at baseline.
Methods

Study design, setting and selection of participating health centres
This cross-sectional study was conducted in the Top End, an area covering one-third of NT. Of 60 Aboriginal communities with a population of 50 or more that are located in this area, 45 have a health centre within the community [9] . The selection of 12 health centres for participation in the study aimed to reflect the range in size, geographic location and governance arrangements existing in Top End communities (Figure 1 ). Community populations ranged from 180 to 1500. Five community health centres were managed by the NT Department of Health and Community Services, four by Aboriginal Health Boards, and three by Aboriginal Medical Services.
Community members who met all of the following criteria were included in the study: 1) a definite diagnosis of type 2 diabetes according to health centre records; 2) identified as Aboriginal; 3) aged 16 years or older; and 4) lived in the community for 6 months or more during the previous 12 months. A random sample of 30 records was drawn from four of the twelve community health centres where more than 30 eligible people were identified. In the other eight centres the records of all eligible people were included.
Measurement and data collection
System mapping The Assessment of Chronic Illness Care (ACIC, Version 3.5) scale [10] , a practical tool based on the Chronic Care Model [11] , was used to evaluate the status of health centre systems to support chronic illness care. A minor adaptation was made to facilitate its use in the local setting. The adapted scale consists of 34 items covering the six components of the Chronic Care Model and an additional domain which denotes the level of integration of the six components: health care organisation (3 items), community linkages (4 items), self-management (4 items), clinical decision support (3 items), clinical delivery system (9 items), clinical information system (6 items), and integration (5 items). Compared with the original ACIC scale, this adapted version included three additional items (cultural competence, pathology management, and pharmacy A group of health centre staff (manager, doctor, nurse, and/or Aboriginal Health Worker when available) was guided by researchers on how to complete the scale. The answer to each item in the adapted scale requires recording of a score in the range of 0-11. The scale includes a set of prompts (see Additional file 1) to increase standardisation and reproducibility in scoring and staff are requested to provide a qualitative justification for their score in relation to these prompts (see example in Additional file 2). The scores are categorised as: 0-2 (limited support); 3-5 (basic support); 6-8 (good support); and 9-11 (fully developed support). The score and justification for each item were obtained by arriving at a consensus among participating staff members. The mean was calculated from individual item scores to create a component score, and the mean of 6 component and integration scores formed the overall system score for the community health centre. The average time to complete the scale was 2 hours.
Quality of diabetes care
Quality of diabetes care was measured in terms of care processes and intermediate outcomes through auditing of medical records. The audit tool lists 28 services which the clinical guidelines in current use across the NT recommend for delivery at regular intervals for all people with diabetes (Table 1) [12] . A service was assessed as delivered if there was a record of delivery within the appropriate period preceding the audit. The overall adherence to delivery of scheduled services for each patient was calculated by dividing the sum of services delivered by 28 (the total number of scheduled services), and expressing this as a percentage.
Intermediate outcomes of diabetes care include three measures: the values of the most recent HbA1c, blood pressure, and total cholesterol within 12 months prior to the audit. Control of these 3 measures is essential in preventing or delaying the onset of macro-and micro-vascular complications [13] .
Statistical analysis
Means and proportions were used to summarise normally distributed continuous and binomial data respectively, and 95% confidence intervals were calculated after adjustment for clustering by heath centre. As the ACIC result represented a score ranking from 0 to 11, nonparametric measures were used to describe ACIC results in terms of median, interquartile range, and range.
Multiple linear regression analysis was used to determine the independent association of each health system component with the overall adherence to delivery of scheduled services, with patient level variables (age and sex) treated as covariates.
The associations between system components and intermediate outcomes of diabetes care were assessed using multivariate probit regression [14] . This statistical procedure allows three dependent variables Y 1 (HbA1c control), Y 2 (blood pressure control) and Y 3 (total cholesterol control) to be jointly regressed on the same independent variables (6 system components and participants' age and sex) in one model. All analyses were performed using Stata version 8.2 [15] .
Ethics approval for the study was obtained from the Top End Health Research Ethics Committee, including the Indigenous sub-committee.
Results
The records of 295 people with diabetes (116 males and 179 females) were included in the study. The average age of participants was 49 years (range 16-87). Diabetes duration averaged 6.5 years. Seventy-seven percent (95%CI:
71%-81%) of participants had attended their community health centres within the previous 3 months.
ACIC scores for community health centre systems
The overall ACIC score ranged from 2.6 to 5.3 with a median of 4.3 ( Figure 2 ). The median ACIC scores for system components ranged from 2.5 (component integration) to 5.4 (clinical information system). Community health centres had distinct areas of strengths and weakness as reflected in the qualitative justification in each system component and summarised below. 
Community linkages
All participating health centres reported going out into the community to 'collect' people for specialist visits as a common activity. Some health centres worked together with other organisations and ran community-based programs such as 'school nutrition programs', 'healthy lifestyle promotional days' at the local store, 'healthy kids week', or 'tobacco prevention week'. However, all health service staff reported that acute care demands often prevented the development of community relationships that may have improved chronic care.
Self-management support
There was limited uptake and documentation of self-management activities in health centres, such as goal setting with clients and patient education. One-to-one education was the most commonly mentioned approach for the delivery of patient education. Peer or group education was seldom used.
Clinical decision support
Clinical guidelines (e.g. CARPA standard treatment manual) [12] were universally distributed to centres to facilitate clinical decision-making, and most health centres reported integration of these guidelines into routine care. Involvement of specialists in primary care was mainly through conventional referrals, and visiting specialist services to health centres were perceived generally as not frequent enough to meet needs.
Clinical delivery system
Most health centres suffered from a shortage of staff, and only six communities had a resident doctor. Few centres adopted planned visits for delivering multiple services to clients. All centres reported that systems for collecting and reporting of pathology specimens and for dispensing medication were in place. Most respondents perceived their centres to be delivering culturally safe and appropriate services.
Clinical information systems
Computerised information systems were installed in 11 health centres, with four different clinical information software systems. The remaining centre used a paperbased information system only. Recall systems were operational for eight health centres (6 computerised, 1 paperbased, and 1 with both). Most centres had organised and easily accessible patient records. Most information systems lacked the capacity (or were not used) to supply staff with population-based information on quality of chronic illness care.
Integration of system components
The integration of system components was the least developed area. For example, the existing information system was not integrated with patient self-management in terms 
ACIC components Examples of items measured for each component Median
Organisational influence Organisational goals for chronic care, improvement strategy, and incentives and regulations.
3.4
Community linkages Partnerships with community organisations and conjunction with regional health agencies. 4.8
Self-management support Provision of clinical educators, addressing patients and families concerns, behaviour changes, and patient participation in documentation of activities.
3.8
Decision support Implementation of practice guidelines, involvement of specialists in primary care, and provider education 4.7
Delivery system design Team functioning and leadership, appointment system, follow-up, continuity of care, cultural safety, pathology and pharmacy management 4.5
Clinical information system
Population and patient registers, reminders and feedback to providers, and patient treatment plans
5.4
Component integration Integrating practice guideline with patient self-management, linking self-management goals to information system, sharing information between community programs and health services
2.5
Overall ACIC score 4.3 * Box plot shows variation of scores across 12 community health centres. Boxes extend from the 25 th percentile to the 75 th percentile and the dark lines represent the medians. Whiskers extend from box to highest and lowest values, excluding outliers (located more than 1.5 inter-quartile distances from box edge).
Limited Basic
Good Fully developed of documenting goals and activities; and there was limited sharing of information between out-of-clinic community programs and clinical services.
Quality of diabetes care
Adherence to delivery of scheduled services varied across different categories of services (Table 1) . Adherence was relatively higher for immunisation and laboratory investigations, followed by eye checks and basic measurement. Least attention was paid to feet checks and counselling services. The overall adherence to delivery of scheduled services for individuals averaged 31% (range 0-93%).
For intermediate outcomes (Table 2) , the most recent value of HbA1c was below 8% for only about a quarter of participants, and most recent value of BP was less than 140/90 for about half of the participants.
Associations between system ACIC scores and quality of diabetes care
Analysed by the linear regression modelling, each ACIC component was statistically associated with overall adherence to delivery of diabetes services (Table 3) . After adjustment for other system components and individual variables, organisational influence, community linkages, and information system were identified as having independent associations with adherence to delivery of diabetes services. For example, an increase of 1 unit in the information system ACIC score was associated with an 2.94 0.76, 5.11 § Estimated using multiple linear regression models. * Adjusted for other variables in the table (except variable integration) and for clustering by health centre. The intercept for the linear regression is -7.25. † Males are referent. ‡ Integration was excluded from adjusted analysis as it was correlated with other ACIC components and caused colinearity in multiple regression models. Coefficients significant at 0.05 level are shown in bold.
improvement of 4.5% in overall adherence to delivery of services.
The likelihood of each of HbA1c, blood pressure, and total cholesterol being below the specified cut point rose significantly with an increase in the organisational influence score (Table 4 ). Higher delivery system design and information system scores were associated with better blood pressure control and total cholesterol control respectively. Organisational influence, delivery system design and information system scores were also significantly associated with higher combined intermediate outcome scores.
Discussion
This study shows that participating Aboriginal community health centres in Australia had implemented basic systems to support chronic illness care, but there was considerable room for improvement in all system components. Stronger organisational influence and information system components were associated both with better performance in process of diabetes care and in intermediate outcomes. Additionally, community linkages were specifically related to better performance in process of care, and delivery system design was associated with better intermediate outcomes.
When compared with data from the USA [16] , health centres had similar ACIC scores for community linkages, decision support, delivery system, and clinical information system, but lower scores for organisational influence and self-management support. In many respects the quality of diabetes care in participating health centres is also comparable with national and international data [17] [18] [19] For example, 70% of patients in our study had HbA1c tested in the past year and 26% had values less than 8% -almost identical to experience reported from the USA [19] .
To our knowledge, this is the first study to demonstrate quantitative evidence regarding the importance of organisational influence (including goals for chronic care, improvement strategies, and incentives for care) on diabetes care. Wagner and colleagues reported their experience in the chronic condition Breakthrough Series, suggesting the removal of disincentives in practice encourages providers' in delivery of effective chronic illness care [7] . Financial incentives for diabetes care have been introduced to Australian general practice through Enhanced Primary Care (EPC) and Practice Incentive Program (PIP) [20, 21] . However, only half of participating centres reported claiming for Medicare rebate using EPC items.
Our study shows better implementation of clinical information systems to be associated with both increased adherence to guideline-recommended processes of diabetes care and improved intermediate outcomes. An ideal information system has three important roles: 1) as a registry for a target population; 2) to provide reminders to primary care teams to comply with guidelines for care; and 3) to provide feedback measures relevant to quality of care [22] . Our data show the third role to be the leastdeveloped area for current information systems in this study setting, and support the appropriateness of external clinical audit as a useful approach to address such system deficiencies [23, 24] The positive relation between delivery system design and intermediate outcomes of diabetes care is consistent with several previous studies [25, 26] It is likely that health centres characterised by availability of resident doctors, active specialist outreach, and appropriate client follow-up offer more opportunity for intensive management that might contribute to better diabetes control. Given that many remote community health centres are staffed primarily by nurses and Aboriginal Health Workers (AHWs) and supported by visiting doctors [27] , a feasible approach to improve delivery system design is to assign and strengthen nurses' and AHWs' roles in delivering routine care, and to ensure referral to medical practitioners for consultation and medication adjustment where appropriate [28] . Features of delivery system design may also be amenable to improving the relative under-utilisation of primary care services by Aboriginal men -a widely recognised phenomenon that is reflected in the study sample.
The apparent poor integration of system components in participating health centres also needs to be addressed in future system development, as isolated upgrading in one component without integrating with another may lead to an increase in costs but not in effectiveness. For example, computerised information systems can generate "pop-up" reminders for healthcare providers, but poor delivery system design characterised by unclear roles among health staff may result in no appropriate action being taken.
The cross-sectional study design limits the confidence with which the observed associations between health centre systems and processes and outcomes of diabetes care can be defined as causal. However, the findings suggest that the Chronic Care Model and the associated ACIC scale will be valuable in assessing and guiding the development of health centre systems in Aboriginal community settings. More research is needed to formally examine the reproducibility of the methods of assessing systems development, and to define the cause-effect relationship between healthcare systems and quality of diabetes care using longitudinal study designs. Such studies may also help clarify resource and management requirements for sustaining improvements in chronic illness care.
Conclusion
The state of development of health centre systems is reflected in quality of care outcome measures for patients. The health centre systems assessment tool proves to be useful in describing the quality of clinical systems for the prevention and management of diabetes in Australian Aboriginal communities, and providing a guide for development of systems for improving diabetes care.
